Cats are commonly afflicted with chronic renal dysfunction and ureteral obstruction. Concurrent disease can be catastrophic. Sonography-guided pyelocentesis and pyelography provide a method of evaluating potential ureteral obstruction without relying on renal excretory function but are technically demanding. The methodology for these procedures is described in detail to aid the sonographer faced with assisting in this challenge.
Chronic renal disease is extremely common in cats, resulting in clinical or subclinical renal dysfunction and azotemia. 1 Cats normally produce crystalluria and in addition may develop calculi. Such calculi may result in partial or complete ureteral or urethral obstruction. Complete obstruction of the renal collecting system in cats results in a medical emergency, and without intervention, permanent damage to the kidney or kidneys, depending on the site of the obstruction, occurs within days. [2] [3] [4] Complete obstructions typically require surgical intervention to save the kidney. Survey radiographs may or may not permit identification of calculi depending on composition and size. Furthermore, evidence of urinary calculi does not prove urinary tract obstruction. Intravenous pyelography (excretory urography) is described for identification and localization of ureteral obstruction. 5 Unfortunately, cats with diminished renal function are less capable of extracting and excreting intravenously administered contrast medium. 6 This demands administration of a greater dose of contrast medium, yet sufficient opacification of the collecting system and ureters still may not occur. Such an increased dose of contrast medium increases the risk of an adverse reaction that may worsen renal disease. Direct administration of the contrast medium into the renal pelvis via percutaneous sonography-guided pyelography permits use of a lower dose of contrast medium, reducing the chances of a contrast reaction, yet results in superior opacification of the renal pelvis and ureter.
Sonography guidance for percutaneous antegrade pyelography has been described in the veterinary literature since 1997 7 and in the human literature as early as 1978 by Weinstein and Skolnick. 8 These early pioneers used a Picker static image, bistable unit to map out the kidney. Then, as now, guidance is used to ensure proper needle placement and to decrease morbidity. Pyelocentesis with pyelography is a comparatively invasive procedure, and complications may occur, including renal damage, hemorrhage, air embolism, and possible worsening of hydronephrosis. 9 As such, it is critical for the person scanning and placing the needle first to have gained experience, precision, and accuracy with general sonography-guided fine-needle aspirates and be comfortable with feline anatomy and sonographic technique. The purpose of this article is to describe pyelocentesis and pyelography techniques to those experienced personnel.
Procedure
A minimum of two people are required for the pyelocentesis and pyelography. These people should be well versed in the steps to be performed and should have no other patient care responsibilities. If voice activation is not available on the sonography machine, a third person will be needed to work the sonography machine controls.
At our institution, these persons are the sonographer (the author), a senior radiology resident, or a diplomate of the American College of Veterinary Radiology (ACVR) interchangeably, as well as an additional radiology resident experienced in the use of the sonography machine. In this study, all actions taken by the author were performed under direct supervision as required by the ACVR (guidelines available at http://www.acvr.org/veterinary_ professionals/acvr_ultrasound_statement/index.html).
A radiologist or senior radiology resident is always in charge of the procedure and present in the room during this procedure. The needle placement is the responsibility of the "in charge" veterinary radiologist, but the needle is usually physically placed under his or her supervision by the sonographer or a junior radiology resident. In addition, the attending veterinary internist on the case is always in charge of the patient and present in the room during the procedure. The procedure is always performed under general anesthesia. The specific anesthesia protocol is determined by the veterinary anesthesiologist assigned to the case per standard hospital operating procedures and individual patient requirements.
Before the pyelocentesis and pyelography is scheduled, a detailed urinary system sonogram must be performed for which abdominal fur is clipped to the skin. During this examination, an accurate measurement of the renal pelvis is acquired from a short axis B-mode image at the level of the renal crest ( Figure 1 ). Pyelocentesis with pyelography is not performed at our institute unless there is minimum pelvic dilatation of 4 mm. This ensures that sufficient urine is present to fill the pyelocentesis equipment, provide a urine sample for analysis, and displace equipment air prior to injection. This reduces the risk of air embolism or introduction of an air bubble within the ureter, resulting in a false-positive study. The approximate volume of the renal collecting system is calculated using triplanar measurements extrapolated from human medicine, using the following formula for an ellipsoid: Pelvis volume = length × width × depth × 0.52. 10 This volume is used in two ways: (1) prediction of the likelihood of obtaining a urine sample and (2) estimation of the volume of contrast medium necessary prior to pyelocentesis. Regardless of the volume of urine in the renal collecting system, an attempt should be made to remove as much urine as possible. Complete emptying of the collecting system is rarely achieved, but lessening the volume will decrease the immediate dilution of the contrast medium and lessen the likelihood of leakage out of the needle tract into the retroperitoneal space.
Volume measurement in the hydronephrotic kidney is approximate, and in severe hydronephrosis, the volume of contrast medium instilled is simply half the volume of urine withdrawn. Any overfilling is likely to cause extravasation once the needle is removed due to increased pressure and the dilution effects described above ( Figure  2 ). Despite the use of non-ionic solutions such as iohexol that are less hypertonic than ionic counterparts, non-ionic solutions remain comparatively hypertonic to plasma. This necessitates the use of high concentrations, around 300 mgI/mL, to counteract the dilution effect and provide a diagnostic study. To decrease time between instillation of the contrast and the first set of radiographs, the entire procedure is performed in the radiography or fluoroscopy suite. The equipment necessary for this procedure is described in Table 1 and Figure 3 .
Feline kidneys are somewhat mobile, and the renal capsule can be resistant to puncture. Transducer positioning for pyelocentesis and pyelography should be such that it provides gentle control of the kidney during the needle placement. These procedures necessitate traversing the cortex and medulla, and thus knowledge of normal renal vasculature is imperative and can be sought from many veterinary anatomy texts. 11 Using biopsy guidelines and color or power Doppler, an approach to the pelvis should be planned, avoiding large vessels (Figure 4 ). Once an appropriate window is identified, the procedure is performed ( Figure 5 ). High-frequency transducer Biopsy guide 22-guage 3½-inch spinal needle Small-volume, short extension set with a male Luer connector One three-way stopcock One empty syringe for pyelocentesis (size to be determined by calculation described) One syringe with iohexol 300 mgI/mL (Omnipaque GE Healthcare); volume to be determined by measurements described Where possible, acquisition of a sterile urine sample for culture and sensitivity prior to the instillation of contrast is desirable. Although not proven with iohexol, other iodinated contrast media are bacteriostatic, potentially resulting in false-negative culture results. 12 Following pyelocentesis, pyelography is initiated by slow injection of contrast medium with real-time visualization of the renal pelvis, including the needle tip. If the assistant feels increased resistance to injection or the sonographer (veterinary radiologist or radiology resident) handling the transducer and needle observes fluid accumulation outside of the collecting system, instillation is halted, even if the total estimated volume of contrast medium has not been used. Following instillation of the contrast medium, the stopcock is turned off to the patient, the needle removed, and the perirenal area quickly evaluated sonographically. Orthogonal radiographic or fluoroscopic views are taken as soon after instillation as possible and are evaluated real-time by a veterinary radiologist to determine what further projections should be prescribed on a case-by-case basis. Typically, orthogonal radiographic or fluoroscopic views are taken at 0, 5, 10, and 15 minutes postinstillation. A summary of the procedure is provided in Table 2 . Examples of a hydronephrotic kidney with complete ureteral obstruction ( Figure 6 ) and a hydronephrotic kidney with ureteral patency (Figure 7 ) are provided. Intravenous fluid therapy is instigated under the direction of the veterinary internist following the procedure to induce diuresis. This reduces the risk of iatrogenic hematoma formation that may worsen or create ureteral obstruction.
In summary, we have described the procedure for pyelocentesis and pyelography in cats, a species prone to both chronic renal dysfunction and urinary system obstruction. These procedures are invasive and should be performed only by experienced individuals under direct supervision of a veterinarian familiar with the patient and a veterinary radiologist. By instilling contrast directly into the renal pelvis in cats with suspected ureteral obstruction, the risk of exacerbating chronic renal disease is diminished. Despite the risks involved in the procedure, vital information indicating the necessity for surgery is obtained. 
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